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@ Glass plate heating apparatus. 

@ A local heater (23) is arranged in a heating furnace (1) in 
which glass plates (G) are continuously conveyed, and a 
bending line on each glass plate is intensely heated. The local 
heater (23) is elongate and the positions of both of its ends are 
independently and digitally controDed in a transverse (X-axis) 
direction of the heating furnace (1). Control point data (Xi) along 
the bending line is obtained by interpolating coordinate values 
of both ends (P1.P2) of the bending line. X-axis velocity control 
is performed such that the local heater (23) is located above the 
glass bencfing line in synchronism with conveyance of the glass 
plate. A heating locus is linear, and the operation of the tocal 
heater (23) Is not stepvvise. An offset of the actual heating locus 
from the bending line can be minimized. 



FIG.4 
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Description 

GLASS PLAIB 

The present invention relates to heating apparatus 
having local heating apparatus and suitable for 
shaping, for example, window glass for a motor 5 
vehicle. 

Sheet glass which is moderately curved as a 
whole and has acutely curved side portions is 
frequently used as a windshield or rearvtrindow glass 
for a motor vehicle. 10 

To obtain sheet glass having such bent portions, 
sheet glass Is softened in a heating furnace and Is 
curved in a bending mould by Its own weight or 
curved by press bending moulds consisting of 
female and male moulds. A local heating means is IS 
arranged in the heating furnace to forcibly heat a 
glass plate portion having a smaller radius of 
curvature. 

U.S. Patent No. 4.441,907 by Nitschke describes 
that an elongate local heater is located above a 20 
bending line of sheet glass while sheet glass is fed at 
a constant conveyance speed in a heating furnace. 
The local heater is mounted on a carriage moved in a 
direction parallel to a conveyance direction of sheet 
glass and continuously heats a predetermined 25 
portion of glass. When the carriage reaches a 
downstream end of the heating furnace. It returns to 
an upstream end and performs the next heating 
cycle of another glass plate. 

In the heating apparatus described In the above 30 
U.S. patent, the local heater must be moved together 
with sheet glass, and the structure of the heating 
furnace is complicated. In addition, a large opening 
must be formed in the heating furnace to move the 
heater, and a heat loss is undesirably increased. 35 
Furthermore, since the carriage of the local heater 
retums to the home position after local heating of 
one glass plate is completed, a shaping cycle Is 
undesirably prolonged. 

When the type of sheet glass is changed, the 40 
position of the local heater must be changed to align 
with a heating tine. When various types of sheet 
glass are manufactured in a small volume, productiv- 
ity efficiency is greatly degraded. 

U.S. Patent No. 4.726,832 by Kajil et al. describes 45 
an apparatus capable of coping with shapes of 
bending lines of various types of sheet glass by 
digitally controlling the position of a local heater and 
updating control data. The local heater of this 
apparatus Is a spot-like gas burner which is fixed in 50 
the conveyance direction of sheet glass and can be 
position-controlled by a digitally controlled actuator 
in a widthwise direction of the heating fumace. 
Position control of the local heater is performed in 
synchronism with the conveyance speed of sheet 55 
glass in the heating fumace. 

Synchronization control of the heater position is 
performed by digital tracking control. That is. 
basically, output pulses from a pulse generator 
arranged in a drive shaft of a conveyor in the heating 60 
fumace are counted to detect a current position of 
glass in the longitudinal direction of the heating 
furnace. Coordinate data of the heater in the heating 
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fumace in the widthwise direction is read out from a 
memory area at an address corresponding to the 
current position. An actuator such as a servo motor 
is driven on the basis of the readout data to control 
the position of the heater. Coordinate data in the 
widthwise direction of the heating fumace which are 
calculated for a large number of control points on a 
glass bending line are stored by using the longitudi- 
nal coordinate positions as addresses. 

According to the at>ove digital control, an actual 
locus of the heater which is formed on the glass 
surface is offset from the glass bending line, and a 
heating temperature of a bent portion does not 
undesirably reach an optimal point. 

The offset of the heating locus from the target 
heating position is caused by response delay of a 
heating positioning system and quantization errors 
inherent to digital control, in particular, the heating 
locus is not represented by a straight line but by a 
zig-zag or stepwise pattern having a step between 
adjacent control points. 

In order to solve the above problem, the number 
of control points assigned with tracking addresses 
in the longitudinal direction of the fumace must be 
increased to effectively improve positioning preci- 
sion. However, when the number of control points is 
increased, the memory capacity of position control 
data is Increased, and high-speed response cannot 
be achieved. 

According to the present invention, a heating 
apparatus for shaping sheet glass comprises a 
heating fumace in which a glass plate Is conveyed at 
a constant conveyance speed; a local heater for 
heating a bending line of the glass plate at a 
temperature higher than those of other portions of 
the glass plate, said local heater being fixed in the 
conveyance direction of the glass plate and movable 
In a widthwise direction perpendicular to the convey- 
ance direction; and a control actuator for controlling 
the position of said local heater in the widthwise 
direction of said heating fumace; characterized by 
further comprising: detecting means for detecting a 
Y-axis current position of the glass plate and an 
X-axIs current position of said local heater In an 
orthogonal coordinate system having a longitudinal 
direction of said heating fumace as a Y-axis and the 
widthwise direction of said heating fumace as an 
X-axis; and a controller for calculating an object 
position of said local heater by iinear interpolation 
using predetennined coordinate values of start and 
end points of a heating locus to be formed on the 
glass plate and the current position of the glass 
plate, and for supplying as a velocity control signal a 
signal proportional to the difference between the 
current position of said local heater and the object 
position. 

In an embodiment of the present invention, an 
elongate local heater substantially directed in a 
conveyance direction of a glass plate is located 
above the glass plate, and positions of both ends of 
the local heater are independently controlled by 
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numerical control data synchronized with convey- 
ance of the glass plate In a direction perpendicular to 
the conveyance direction of the glass plate. A local 
heating locus can be linear even if digital position 
control Is performed. Control data is updated in 
correspondence with various bending shapes of the 
glass plate, and therefore a heating locus can be 
easily changed. 

Preferably, coordinates of both ends of the 
bending line on the sheet glass plate are defined, 
and a large number of control point data on the 
bending line are obtained by linear interpolation of 
the coordinates of both the ends at a glass plate 
current position In the heating furnace. Therefore, 
since the large number of control point data are 
generated from substantially the two control point 
data, high-precision digital control can be per- 
fomned. 

A difference between the current position of the 
local heater In the widthwise direction of thefumace 
and the control point position generated by interpo- 
lation is used as a velocity component, and the 
position of the local heater is determined by velocity 
control. Tiierefore. movement of the local heater is 
not stepwise but smooth, and a linear heating locus 
which accurately matches with a desired bending 
line can be obtained. 

In a preferred embodiment, control point data 
Includes an offset correction component for correc- 
ting the offset of the actual heating locus from the 
desired bending line. This conrection can greatly 
improve position control precision of the local 
heater 

The invention will now be described by way of a 
non-limiting embodiment with reference to the 
accompanying drawings, in which:- 

Fig. 1 is a sectional view of a heating furnace 
of a glass shaping apparatus according to an 
embodiment of the present invention; 

Fig. 2 is a plan view showing a local heater in 
the apparatus shown in Fig. 1 ; 

Fig. 3 is a schematic plan view of the heating 
furnace; 

Fig. 4 is a view showing various glass and 
heater constants; 

Fig, 5 is a blocl< diagram of a heater position 
controller of the apparatus shown in Fig. 1 ; 

Fig. 6 is a detailed bloci< diagram showing a 
tracking unit of the heater position controller; 

Fig. 7 Is a flow chart showing a tracking 
routine; 

Rg. 8 is a flow chart showing an X-axis output 
routine; and 

Fig. 9 is a graph showing X-axis control of the 
heater. 

Fig. 1 is a view showing an overall arrangement of 
a heating apparatus which employs a local heating 
apparatus and is in accordance with the present 
Invention. A heating furnace 1 is a tunnel heating 
furnace. Heaters or gas bumers are arranged near a 
ceiling of the heating furnace 1. A convey roller 2 
rotatably extends between left and right side walls 1a 
to convey a glass plate G in a direction perpendicular 
to the drawing surface. 

A frame 3 is arranged to surround tiie heating 



furnace 1. Units 4 for a local heating apparatus are 
mounted in the frame 3. In practice, four units 4 
support a pair of electric heaters 23. However, only 
two units 4. i.e. left and right units are Illustrated in 
5 Fig. 1 since these units overiap in a direction 
perpendicular to the drawing surface. 

Each unit 4 comprises a frame member 5 
suspended from the frame 3 and a lifting member 6 
which can be vertically moved with respect to the 
10 frame member 5. A motor 7 is fixed on the frame 
member 5. Rotation of the motor 7 is transmitted to a 
ball screw 13 through gears 9 and 10. Rods 15 which 
are inserted in guides 14 fixed in each frame 
member 5 are fixed to the corresponding lifting 
15 member 6. A plate memt>er 16 is bridged between 
the upper end portions of the rods 15. Nut members 
17 fixed to the plate member 16 are threadably 
engaged with the ball screws 13. respectively. 
Upon rotation of each motor 7, the corresponding 
20 ball screws 13 are rotated, and the corresponding 
lifting member 6 is vertically moved upon rotation of 
the ball screws 13. 

A ball screw 19 rotatable by a motor 18 in a 
direction perpendicular to the conveyance direction 
25 of the glass plate G is supported below each lifting 
member 6. A moving member 20 Is threadably 
engaged with each ball screw 19. and a support 
member 21 is mounted on this moving member 20. 
The support member 21 is inserted into the heating 
30 furnace 1 through the corresponding:yertical open- 
ing 22 formed in the corresponding side wall 1a of 
the heating furnace 1. Each electric heater 23 
serving as a tocal heating member is supported at 
the distal end portions of the support members 21. 
35 The electric heaters 23 are shown in the plan view of 
Fig. 2. Both end portions of the two heaters 23 in a 
substantially inverted V shape are mounted at the 
distal end portions of the support members 21 of the 
two pairs of left arKi right units 4. 
40 Each motor 18 is driven to rotate the ball screws 
19. and the moving members 20 and the support 
members 21 are moved back and forth in a direction 
perpendicular to the conveyance direction of the 
glass plate G upon rotation of the ball screws 19. The 
45 back and forth movement of the moving and support 
members 20 and 21 causes a change in position of 
the corresponding heater. 

Fig. 3 is a schematic plan view showing the overall 
construction of the heating furnace 1. In practice, 
SO the eight pairs of electric heaters 23 are arranged in 
the rear half portion of the heating furnace 1 In its 
longitudinal direction, and positions of both the ends 
of each heater 23 are controlled by the correspond- 
ing units 4 shown in Fig. 1 in the widthwise direction 
55 of the heating furnace. Local heating is performed 
along the bending One of the glass plate Q. Position 
control of each heater 23 is perfomned on the basis 
of coordinate data using the longitudinal direction as 
the Y-axis and the widthwise direction as the X-axis. 
60 A pulse (generator 26 is mounted on a motor 25 for 
driving the conveyance roller 2 in the furnace to 
output a y-coordinate. The pulse generator X 
generates one pulse v^enever the glass plate G Is 
fed by a distance, e.g., 100 mm in the furnace. The 
es position of a photoelectric limit switch 27 arranged at 
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the inlet of the furnace 1 serves as the origin of the 
Y-axis. 

X-axis control Is performed as shown In Fig. 4. 
Coordinates (xi.yi) of a start point P1 of the bending 
line on the glass plate G and coordinates (X2,y2) of 
an end point P2 are registered as data, and 
instantaneous X-axis object positions are obtained 
by linear interpolation between the start point P1 and 
the end point P2.The start point PI is a control point 
when the rear end of the heater 23 reaches the glass 
plate G. The end point P2 is a control point when the 
front end of the heater 23 is separated from the glass 
plate G. 

Referring to Fig. 4, assume that a position from a 
Y-axis origin (limit switch 27) of the support member 
21a is defined as Ys, that an overall length of the 
heater 23 is defined as D, that a length from the 
support point of the heater 23 to the start point is d. 
that a length of the bending line on the glass surface 
is defined as L, and that a span width between the 
corresponding support members 21a and 21b is 
defined as S. A local coordinate system x-y of the 
glass plate G is defined by the x-axIs passing 
through the leading end points of the glass plate G 
and the y-axis passing through the center of the 
glass plate G. Data of the coordinates (xi,yi) and 
(X2,y2) of the start and end points PI and P2 are 
applied to the coordinate system x-y, and a distance 
from the x-y origin of a central leading point LS 
(position passing through the limit switch 27) of the 
glass Is defined as yo. 

A control start point (Xis.yis) and a control end 
point (Xie,Yie) of the support member 21a which are 
obtained by converting the given values Into the 
coordinate system X-Y in the furnace are given as 

follows^ 

L = i/(xi-yi)'^ -h (X2-y2)''^ 

Xis = xi - d X (X2-Xi)/L 

Yis = Ys-d X (y2-yi)/L + yi -yo 

XiE = X-s + (L + D) X (X2 - Xi)/L 

Y,E = Yis + (L + D) X (y2-yi)/L 

A control start point (X2s.Y2s) and a control end point 

(X2e,Y2g) of the support member 21b are 

X2S = Xis-S X (X2-xi)/L 

Yas = Y:s 

X2E - XiE-S X (X2-Xl)/L 
Y2E = YiE 

Control start points (Xjs.Yis) (1 = 1 to 16) and 
control end points (Xie.Yje) of ail other support 
members 21 can be similarly obtained. 

Fig. 5 is a block diagram of a position controller, 
and Y-axis tracking of the glass and X-axis servo 
control of the heater 23 are performed by a PLC 
(Programmable Logic Controller) 30. The glass 
constants yo. (xi.yi), and (X2,y2) are supplied from a 
master computer 34 to the PLC 30 through a 
communication interface 35 whenever the type of 
glass is changed. 

The PLC 30 calculates a current position Ygj (j = 0 
to 9) of each glass plate G in the heating furnace on 
the basis of the count of a counter 28. When the 
current position of the glass plate falls within a 
heating area of the heater 23. the PLC 30 Instanta- 
neously calculates the X-axis control positions 
(object positions] of the 16 support members 30 at 
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predetermined time intervals. 

The pulse generator 18a Is coupled to the motor 
18 tor displacing each support end of the heater 23 
In the X-axis. An output pulse from the pulse 
5 generator 18a is supplied to a counter 32 through a 
servo controller 33. Data Xh of the x-axis current 
position is obtained from the count of the counter 
32. 

The PLC 30 calculates a difference between the 
10 object position Xi and the current position Xh and 
multiplies the difference with a constant. The 
product is output to a D/A converter 31. An output 
from the D/A converter 31 Is supplied to the servo 
controller 33 as a velocity control value or voltage. 
15 Therefore, the X-axis motor 18 Is controlled to 
generate a velocity corresponding to the difference 
between the object position and the current posi- 
tion. 

Upon rotation of the motor 18. pulse outputs from 
20 the pulse generator 18a are counted by the counter 
32. and the value of the current position Xh is 
increased. Therefore, the difference between the 
object position Xi and the current positton Xh is 
decreased, and the motor 18 is then decelerated. 
25 Servo locking Is performed to cause the motor 18 to 
trace a chsmge in object position Xi as a function of 
time. 

Y-axis tracking of the glass plate G and the X-axls 
servo control will be described in detail with 
30 reference to Figs. 6 to 9. 

Fig. 6 shows a tracking unit Included In the 
controller 30 of Fig. 5 to monitor the glass position in 
the furnace. The tracking unit comprises the counter 

28 for counting outputs from the pulse generator 26 
35 and a memory 29 for storing outputs from the 

counter 28 at every output timing of the limit switch 
27. The memory 29 has ten memory areas for 
tracking 10 Y-axis positions of the glass plates G (N. 
N + 1,..., N+9) continuously conveyed In the fur- 

40 nace. Counts Sn, Sn+i. .. Sn+s from the counter 28 
are stored in each area every time the leading end of 
the glass plate G reaches the position of the limit 
switch 27. The memory 29 is a FIFO memory. When 
the (N-l- 10)-th glass plate G reaches the position of 

45 the limit switch 7, the oldest data Sn read out from 
the memory 29. and count data Sn+io is stored in the 
empty area. 

Fig. 7 is a flow chart showing a tracking routine 
performed by the PLC 30. When the limit switch 27 is 
50 tumed on, a PG count value is stored in the memory 

29 (steps SI and S2). In step S3, an offset AY 
matching with the conveyance speed of the glass 
plate G is added to the memory data. The offset 
component is added for the X-axis position correc- 

55 tion. 

In step 84, when a pulse output from the pulse 
generator 26 is detected, the data from the memory 
29 is subtracted from the current PG pulse count of 
the counter 28. A difference Ygj represents the 

60 current position of the glass plate G in the furnace 
(step S5). The operation in step S5 Is repeated every 
time the pulse generator 26 generates an output 
pulse for all the glass plates (N to N+9). 
The calculated current position data Yej Is used in 

65 the X-axis output routine in Fig. 8. 
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In this routine, in step S6, it Is determined whether 
the value of the current position Ygi of the j-th glass 
falls within a heating area (Yis to Yie) (where i = 1. 

2 16, which represent 16 support members 21 for 

supporting the eight heaters 23 on one side shown 
in Fig. 3) (i.e.. the control start point to the control 
end point) of the heater 23. For example. It is 
detected that the glass plate Q represented by the 
alternate long and short dashed line in Rg, 3 reaches 
the control start position Y13, and X-axis control of 
the corresponding heater 23 is started. 

When each glass plate G enters into the heating 
area of each heater 23. an X-axis object position Xi of 
the l-th support member 21 is obtained in step S7 as 
follows: 

X, = Xis + (YGi-Yis) X (XiE-Xis)/(YiE- Yis) 
That is, as shown In Fig. 9. linear interpolation is 
performed at the cunrent position Ygj between the 
control start point (Xjs.Y©) and the control end point 
(XiE,XiE) of the support 21 to obtain Xi, 

In step SB. a constant K is multiplied with a 
difference between the object position Xi and the 
cun-ent position Xh. and the product Is D/A-con- 
verted to obtain an X-axis velocity control value ; 
Vx»K(Xi-Xh) 

The velocity control value Vx is output to the servo 
controller 33. As a result, the velocity Vx shown in 
Fig. 9 is given to the support member 21, and 
smooth position control is performed. A composite 
velocity v of the velocity vx and the conveyance 
speed w of the glass plate Q In the furnace Is 
directed In the direction of a heating locus (bending 
line). 

The X-axis output routine in Fig. 8 is performed 
every predetermined inten^als for i (1 to 16) and i (0 
to 9). Identical X-axis control data are supplied to the 
paired drive units for the heaters 23, and the drive 
units are symmetrically operated. 

An actual heating locus R of the heater 23 is offset 
by AX from the calculated object locus T in the 
X-axis, as shown in Fig. 9. This offset includes the 
following components. 

i) a difference Vx/K is required between the 
object position an the current position in order 
to obtain the velocity Vx. 

ii) The glass plate is conveyed by a distance 
wAt within a time lag At until the current 
position value is input and a velocity control 
value is output Therefore, 

AX = Vx/K + v-At-(XiE-XB)/(YiE-Yis) 

The offset occurs by AX in the X-axis, and therefore, 

the corresponding offset in the Y-axis is given as 

AY = Vx/K + (XiE-Xis)/(YiE-Yis) + W-At 

In order to correct the offset AX, the start position is 

shifted to a point (Xs.Yts - Y). Alternatively, the offset 

value corresponding to the offset AX is added to the 

value of the object position Xi between the start and 

end points. 

In practice, as shown in step S3 of Fig. 7. the 
offset AY is subtracted from the data from the 
tracking memory 29. Therefore, the offset AY is 
added to the current position Ygj of the glass which 
is calculated in step S5, and the control start 
position is relatively advanced .by the offset AY. 

The offset AY must be changed In accordance 



with a change in conveyance speed vy of the glass. 
When the type of glass plate to be shaped is 
changed, the value AY 4s supplied from the master 
computer 34 to the PLC 30 in Rg. 5. 
5 In the above embodiment, an elongate heater is 
used. However, a spot-like heater may be used to 
perform heating locus data control. 

The above embodiment sets a heating locus to be 
linear and minimizes an offset of the heating locus 
10 from a bending line when the local heater is 
subjected to digital position control. 

The above embodiment also performs high-preci- 
sion position control of the local heater by setting a 
smaller number of control points. 
IS The above embodiment also prevents stepwise 
movement of the local heater when the local heater 
is subjected to digital position control. 

The above embodiment also compensates for an 
offset of the heating locus from the bending line 
20 which Is caused by response delay of a position 
control system for the local heater and performs 
high-preclsion position control. 



25 Claims 

1. A heating apparatus for shaping glass 
plate, comprising: 

a heating furnace (1) in which a glass plate (G) 
30 is conveyed at a constant conveyance speed ; 

a local heater (23) for heating a bending line of 
the glass plate (Q) at a temperature higher than 
those of other portions of the glass plate (G), 
said local heater (23) being fixed in the 

35 conveyance direction of the glass plate |G) and 

movable in a widthwise direction perpendicular 
to the conveyance direction; and 
a control actuator (4) for controlling the position 
of said local heater (23) in the widthwise 

40 direction of said heating furnace (1); charac- 

terized by further comprising: 
detecting means (26.28,18a) for detecting a 
Y-axis cunrent position (Ygi) of the glass plate 
(G) and an X-axls current position (Xh) of said 

45 local heater (23) in an orthogonal coordinate 

system having a longitudinal direction of said 
heating furnace (1) as a Y-axis and the 
widthwise direction of said heating furnace as 
an X-axis; and 

50 a controller (30) for calculating an object 

position (Xi) of said local heater (23) by linear 
interpolation using predetermined coordinate 
values of start and end points (P1,P2) of a 
heating locus to be formed on the glass plate 

ss (G) and the current position (Ygi) of the glass 

plate (G). and for supplying as a velocity control 
signal (Vx) a signal proportional to the dif- 
ference (Xi-Xh) between the current position 
(Xh) of said local heater (23) and the ot>Ject 

SO position (Xi). 

2. An apparatus according to claim 1 , wherein 
an X- or Y-axis correction component is added 
to an operation factor in said controller (30) so 
as to correct a residual error between an object 

65 heating locus (T) and an actual heating locus 
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(R). 

3. An apparatus according to claim 2, wherein 
the operation factor Is one factor selected from 
the current position data (Ygj) of the glass plate 
(Q), start and end coordinate vaiues 
(Xts.Yis^.YiE) of the bending line, the object 
position data (Xi) of said local heater (23), and 
the current position data (Xh) of said local 
heater (23). 

4. An apparatus according to any one of 
claims 1 to 3, wherein said means (26,28) for 
detecting the Y-axis current position (Ygj) of the 
glass plate (G) comprises a pulse generator 

(26) , driven by a glass conveyor (2) in said 
heating furnace (1), for generating a pulse every 
predetermined conveyor distance, and a 
counter (28) for generating the Y-axis current 
position data upon counting of output pulses 
from said pulse generator (26). 

5. An apparatus according to claim 4. wherein 
said means (26,28) for detecting the Y-axis 
current position (Ygj) of the glass plate (Q) 
further comprises a glass detection switch (27) 
arranged at an inlet of said heating furnace (1), a 
memory (29) for storing count values of said 
counter (28) upon detection of the glass plate 
(G) by said detection switch (27). and subtract- 
ing means for subtracting the memory data 
from the count value from said counter (28) and 
outputting the Y-axIs current position data (Ygj). 

6. An apparatus according to claim 5, wherein 
said memory (29) has a plurality of storage 
positions corresponding to a plurality of glass 
sheets (G) within said heating furnace (1) and 
comprises a FIFO register shifted in response 
to an output from said glass detection switch 

(27) . 

7. An apparatus according to any one of 
claims 1 to 6, wherein said means (18a) for 
detecting the X-axis current position (Xh) of 
said local heater (23) comprises a pulse 
generator (18a). arranged on said actuator (4), 
for generating a pulse every predetermined 
displacement of said local heater (23). and a 
counter (32) for counting output pulses from 
said pulse generator (18a) and generating the 
X-axis current position data (Xn). 

8. An apparatus according to any one of 
claims 1 to 7. wherein said local heater (23) is an 
elongate heater (23) arranged in parallel with a 
conveyance plane of the glass plate (G), and 
said actuator (4) comprises elements (21) for 
perfomning position control of both ends of said 
local heater (23) independently in the widthwise 
direction of said heating furnace (1 ). 

9. An apparatus according to any one of 
claims 1 to 8, wherein a plurality of local heaters 
(23) and their respective actuators (4) are 
positioned on both sides of said heating 
furnace (1). 

10. An apparatus according to claim 9, wherein 
a plurality of local heaters (23) and their 
respective actuators are positioned along the 
longitudinal direction of said heating fumace 
(1). 



11. An apparatus according to claim 8, where 
said actuator (4) comprises a pair of support 
members (21a,21b), directed towards the 
widthwise direction of said heating fumace (1). 

5 for supporting both ends of said local heater 

(23), feed screw devices (19.20), coupled to 
said pair of support members (21a,21b), for 
moving said support members (21a.21b) in the 
widthwise direction of said heating fumace (1), 

10 and motors (1 8) for Independently rotating said 

feed screw devices (1 9,20) . 

12. An apparatus according to any one of 
claims 1 to 11, wherein, said actuator (4) further 
comprises height adjustment means 

15 (7,9,10,13-17) for controlling the height of said 

heater (23) above said glass plate (6). 

13. An apparatus according to claim 12, 
wherein the height adjustment means 
(7,9,10,13-17) comprises a lifting member (6), a 

20 feed screw device (9,10,13,15) for raising or 

lowering said lifting member (6), and a motor (7) 
for driving said feed screw device (9,10.13.15). 

14. An apparatus according to any one of 
claims 1 to 13, wherein said local heater (23) is 

25 an electric heater. 
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